Nanogold, 8 nm in size, was used to label goat antihuman immunoglobulin M (GIgM) to obtain a new immunonanogold resonance scattering (RS) probe (Au-GIgG) for quantitation of trace immunoglobulin M (IgM). The Au-GIgG combined with IgM to form nanogold-labeled immunocomplex causes the RS intensity at 580 nm to be enhanced, in pH 4.49 KH 2 PO 4 -Na 2 HPO 4 buffer and in the presence of polyethylene glycol 6000. The enhanced RS intensity at 580 nm (ΔI 580 nm ) is proportional to the IgM concentration in the range of 1.5 to 2000 ng/mL, with a lower detection limit of 0.98 ng/mL. The immunonanogold RS assay was used to assay IgM in serum samples, with sensitivity, selectivity, and simplicity. (Journal of Biomolecular Screening 2008:302-308) 
INTRODUCTION
I MMUNOGLOBULIN M (IGM) CONTENT IN HUMAN SERUM can be used to estimate immune function and is an important parameter for diagnosing acute and chronic hepatitis, rheumatoid arthritis, hepatocirrhosis, and malignant plasma cell tumors. 1 Thus, a sensitive estimate of IgM is important in clinical laboratories. At present, several methods, such as radioimmunoassay, 2,3 enzyme immunoassay, [4] [5] [6] [7] [8] fluorescence immunoassay, 9, 10 chemiluminescent immunoassay, 11 and non-enzyme-labeled electrochemical immunoassay, 12 have been reported for assaying IgM. Radioimmunoassay has been commonly used to analyze IgM, with the disadvantages being that these assays are time-consuming, insensitive, and radioactive. 2 An alkaline phosphatase immunoassay was reported to assay 0.05 to 5 μg/mL IgM, with a detection limit of 50 ng/mL. 4 A fluorescence immunoassay has been proposed for measuring IgM, 9 with the advantage of a low blank value. However, the label was unstable. Thus, it is necessary to develop a sensitive, selective, simple assay for IgM, with a safe and stable reagent. Resonance scattering (RS) spectral techniques are sensitive, rapid, and simple and have been applied to detect trace inorganic ions and organic compounds such as proteins and nucleic acids. [13] [14] [15] [16] [17] [18] [19] Some protein RS assays have been based on the simple association between the protein and small molecules such as a dye. However, their selectivity was not good. Recently, combining the immunonanogold-labeled technique 20, 21 and RS technique, 22, 23 we have developed an immunonanogold-labeled RS assay for some immunoglobulins, with high sensitivity, selectivity, and simplicity. 24 To date, there are no reports about immunonanogold RS assays for IgM. In this work, a sensitive, selective, and rapid immunonanogold RS spectral assay is proposed for the determination of IgM amounts in serum samples.
MATERIALS AND METHODS

Reagents and apparatus
HAuCl 4 was purchased from National Pharmaceutical Group Chemical Reagents Company (China). Goat antihuman IgM (GIgG; No. 05080101) and 4.80 mg/mL IgM (No. 05080101) were purchased from Jiemen Biological Reagents Limited Company (Shanghai, China). We used 0.067 mol/L Na 2 HPO 4 and 0.067 mol/L KH 2 PO 4 to prepare pH 4.49 to 9.18 buffer solutions according to volume ratio. In addition, 0.1 mol/L HCl, 0.1 mol/L K 2 CO 3 , 10% KCl, 1.0% trisodium citrate, and 3.0 × 10 5 μg/mL polyethylene glycol (PEG)-6000, PEG-4000, PEG-10000, and PEG-20000 were used. All reagents were of analytical grade, and double-distilled water was used.
An RF-540 spectrofluorometer (Shimadzu, Japan) was used to record the RS spectra and the RS intensity. A model H-600 transmission electron microscope (Electronic Stock Limited Company, Japan), a model TU-1901 double-beam ultravioletvisible spectrophotometer (Beijing Purkinje General Instrument Limited Company, China), and a model SK8200LH ultrasonic reactor (Kedao Ultrasonic Instrument Limited Company, China) were used.
Preparation of nanogold
Particles of 8 nm nanogold were prepared by the improved trisodium citrate-reduced procedure. 25 Briefly, 100 mL water and 6.0 mL of 1.0% trisodium citrate were added in a conical flask and boiled for 5 min, then 1.0 mL of 1.0% HAuCl 4 solution was added into the boiled solution while stirring. The mixed solution was boiled for another 15 min, cooled, diluted to 100 mL, and stored at 4 °C.
Identification of nanogold
First, the size of nanogold was measured by transmission electron microscope. Second, the size (d) can be obtained from the formula d = (260λ max -1.34 × 10 5 ) 1/2 , by measuring the maximal absorption wavelength (λ max ). 26 The λ max was controlled at about 516 nm. Third, the RS intensity at 580 nm (I 580 nm ) increased with the size of nanogold; the I 580 nm was controlled at 7.0 ± 2 for 19.32 μg/mL nanogold.
Selection of the labeling pH
A 1.0-mL aliquot containing 57.96 μg/mL nanogold was added into each tube and adjusted to different pH using 0.10 mol/L K 2 CO 3 and 0.10 mol/L HCl, and then 30.0 μL of GIgM was added, respectively. Five minutes later, 0.10 mL of 10% KCl solution was added. After 2 h, the solution was diluted to 3.0 mL. The I 580 nm was recorded. When the pH was less than 6.0, the I 580 nm enhanced greatly as the nanogold aggregated. When the pH was more than 6.0, the I 580 nm enhanced faintly because the nanogold was coated by GIgG. A pH of 8.5 was chosen for use.
Selection of GIgM amount
A total of 1.00 mL of nanogold solution was pipetted into each tube and adjusted to pH 8.5; different amounts of GIgG (0 μL, 2.0 μL, 5.0 μL, 10.0 μL, 15.0 μL, 20.0 μL, 25.0 μL, 30.0 μL, 35.0 μL, 40.0 μL, 45.0 μL, and 50.0 μL) were added, respectively, and mixed well. After 5 min, 0.10 mL of 10% KCl solution was added, mixed well, and reacted for 2 h. Then the solution was diluted to 3.0 mL, and the I 580 nm was recorded. The results showed that the I 580 nm with 0 to 15.0 mL GIgM was larger than the I 580 nm with 20.0 to 50.0 mL GIgM. A total of 20.0 μL of GIgM, as the minimum use amount, was chosen to stabilize 1.0 mL nanogold.
Preparation of Au-GIgM
A total of 100 mL nanogold solution was adjusted to pH 8.5. While stirring, 2.00 mL of GIgM was added slowly and stirred for 10 min. A 1.63 mL 3.0% PEG20000 as stabilizer was added. The solution was stirred for 30 min and stored at 4 °C. The Au-GIgM concentration, calculated by nanogold, was 53.54 μg/mL.
Procedure
In a 10-mL marked tube, 0.60 mL pH 4.49 KH 2 PO 4 -Na 2 HPO 4 buffer solution, 1.00 mL 53.54 μg/mL Au-GIgM, a known amount of IgM, and 0.50 mL of 300 mg/mL PEG-6000 were added in order, diluted to 3.0 mL, mixed thoroughly, and incubated in an ultrasonic reactor (59 kHz) for 25 min at 20 °C. Later, a low-sensitive file and a longitudinal coordinate scale of 6 were chosen on the RF-540 spectrofluorometer. The synchronous scattering spectra of the systems were recorded by synchronous scanning of the excited wavelength λ ex and emission wavelength λ em (λ ex -λ em = Δλ = 0). The I 580 nm and (I 580 nm ) b for the blank were measured. The ΔI 580 nm = I 580 nm -(I 580 nm ) b was calculated.
RESULTS AND DISCUSSION
In the presence of KCl and PEG, nanogold aggregates easily. Commonly, nanogold was labeled at the globular heads at the N terminal of the heavy chain of the GIgM. 27 If nanogold was coated by GIgM, the Au-GIgM could exist stably in the presence of certain concentrations of KCl and PEG. In the absence of PEG, Au-GIgM combined with IgM to form nanogold-labeled immmunocomplex; however, the nanogold particles did not aggregate to form larger clusters, and the I 580 nm enhanced weakly. In the presence of PEG, the nanogold particles were liberated from the GIgM and aggregated to larger clusters (Fig. 1) . Thus, the I 580 nm enhanced greatly. Under the chosen conditions, the ΔI 580 nm increased linearly with the concentration of IgM. Figure 2a shows the transmission electron microscope (TEM) image of nanogold. The nanogold was observed to have a spherical shape with a mean size of 8 nm. When the nanogold was labeled by the GIgM, its original size did not change (Fig.  2b) . Upon the addition of IgM, the original size also did not change during the incubation period (Fig. 2c) . Upon the addition of PEG, the nanogold aggregated to form large clusters (Fig. 2d) . 
Transmission electron microscope
Absorption spectra
Au-GIgM has an absorption peak at 527 nm. The absorption peak was at 530, 534, 538, and 543 nm upon the addition of 0.25, 0.50, 1.00, and 1.50 μg/mL IgM, respectively. According to the references, 28, 29 the absorption peaks shift red with the increasing size of nanogold. This proved that the size of the immunoreaction system increased because the released nanogold aggregated to form large clusters.
RS spectra
The scattering signals of GIgM, IgM, and IgM-GIgM immunocomplex were weaker. The 8-nm nanogold exhibited 4 weak synchronous scattering peaks at 360, 400, 470, and 580 nm. 29 When nanogold was labeled by GIgM, the signals enhanced faintly. The scattering signal of the nanogold-labeled immunocomplex was also weak in the absence of PEG. Upon addition of PEG, there were 6 strong synchronous scattering peaks at 360, 400, 420, 440, 470, and 580 nm (Fig. 3) . Because the strongest emission of the lamp was at 470 nm, there is a synchronous scattering peak at 470 nm. Other peaks at 360, 400, 420, 440, and 580 nm were RS peaks for nanogold. 30 A wavelength of 580 nm was chosen for use. 
Selection of pH
Effect of Au-GIgM concentration
The effect of Au-GIgM concentration on ΔI 580 nm was considered. The ΔI 580 nm increased with the addition of Au-GIgM in the range of 0 to 16 μg/mL. A concentration of 17.85 μg/mL Au-GIgM, giving a maximum ΔI 580 nm , was selected.
Effect of different PEG concentration
Results showed that the ΔI 580 nm was enhanced considerably with the addition of PEG, which was in agreement with the work of Schneider and others. 31 Thus, PEG was added to improve sensitivity. Figure 4 shows the effect of PEG-4000, PEG-6000, PEG-10000, and PEG-20000 concentration on ΔI 580 nm . A 50-mg/mL concentration of PEG-6000 was chosen for use.
Effect of incubation time
At room temperature of 20 °C, the incubation time was more than 100 min of the ΔI 580 nm hold constant, whereas at 37 °C, the ΔI 580 nm was stable after 40 min. Under the ultrasonic irradiation at 20 °C, the immunoreaction was quick, and the ΔI 580 nm remained stable for 20 min. Thus, the ultrasonic irradiation time of 25 min at 20 °C was chosen.
Linear range
According to the procedure, the working curve was plotted as in Figure 5 . The ΔI 580 nm was linear to IgM concentration (c IgM ) in the range of 1.5 to 2000 ng/mL. The linear regression equation was ΔI 580 nm = 39.91c IgM + 1.95 (n = 7), with a related coefficient of 0.9989. The detection limit was achieved at 0.98 ng/mL IgM. Compared with the reported assays for IgM, 4-6 this new RS assay was highly sensitive and selective, simple, and rapid.
Effect of foreign substance
The influence of foreign substances on the assay of 500 ng/mL IgM was examined, with a relative error of ±10%. Table 1 shows that the foreign substances did not interfere with the assay; thus, the method has a good selectivity.
Analysis of samples
Ten healthy serum samples were collected from N0.5 Hospital in Guilin, China. Samples were diluted and determined by this RS assay and immunoturbidimetry. 32 The results in Table 2 were consistent with the normal content (600-3000 μg/mL). 32 The linear regression analysis of both methods revealed that the correlation coefficient, slope, and intercept were 0.941, 0.915, and 75.19 μg/mL, respectively. Later, known IgM was added into the sample and measured. Table 3 indicates that the recovery was in the range of 94.2% to 108.7%.
CONCLUSION
A simple and rapid, sensitive, and selective immunonanogoldlabeled RS assay for IgM was proposed, coupling the RS effect of nanogold and the immunoreaction. The assay was applied to analyze IgM in real serum samples, with satisfactory results. 
